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ABST RACT

Pﬂterxtlai biological control moculants Pseudcrmmzas Suorescens 2-79 and m;cmbmi communities derived from market
sprouts ot laboratory-grown atfalfa sprouts, were introduced into a¥falfa seeds with and. without a Salmoriells inocutum. We
examined their ability to inhibit. the growth-of this foodborne pathogen and asSess the relative effects of the incculants on the
alfalfa microbial community strecture and: function, Alfalfa seeds contaminated with a Salmoneila cocktail were soaked for 2
h in bacterial suspensions from-each inoculant tested, Inoculated alfalfa sceds were grown for 7 days-and sampled durig days
{, 3, and 7. At each sampling, alfalfa sprouts were sonicated for 7 mis to-recover microflora from the surface, and the resulting
suspensions were diluted and plated on selective and nonselective media: Total bacterial counts were obtained using acridine
arange staining, and the percentage culturability was caleulated, Phenotypic. potential of sprout-nssociated microbial commu-

* nities inoculated with Biocontrol treatments was assessed using community-level. physiclegical profiles based on patterns of
use of 93 separate catbon sources in Biolop plates. Community-level physimiugica profiles were also determined using oxygen-
sensitive fluorophore in BD microtiter plates to examine functional patterns in these communities. No. szgmfk:mi differences,
in“total and mesophilic aetobe microbial cell density of microbial richiness resulting from the intraduction of imoculanis on

- alfalfa seeds with and without Salmonelln were observed. P. fluorescens 2-79 éxhibited the sreatést reduction in the gmwth
of Safmonella early during alfaifa growth (4.22 fogat day 1), while the market sprout inoculam had the reverse affect, resulting
in 2 maximum log reduction”(5.48) of Salmonella on day 7. Cotnmimity-level physiological profiles analvses revealed that -
market sprout communities peaked higher and faster compared with the other inocelants tested. These results suggest that”

ditferent modes of actions of single versus micrehial consortia biocontrol treatments may be involved. -

At least 21 food poisoning ontbreaks due to the con-
sumption of sprouts contaminated. with -Salmonella and
Escherichia coli. O15T:H7 have occurted in the United
States since 1995 (6, 24); In 1999, the U.S, Department of
Health and Human. Services issuéd a consumer advisory
warning of the risk associated with eating raw sprouts {13).
More recently, the 1.8, Food and Drug Administration {6)
updated its warning about the dangers of eating raw or
lightly cooked sprouts to include mung bean sprouts as well
as alfalfa sprouts ({4} and release of 19 August 2004 at
www.cfsan.fda.gov/~dms/sprolichiml). The recommended
safety step of soaking seeds ina calcium hypochlorite so-
tution has not been proved to-be completely effective (5),
indicating that alternative disinfection treatments, such as
biological control, are needed,

The typical process of developing biological control
treatments involves the initial isolation of potential biocon-
trol agents, followed by ecological, mode of action, and
formulation studies leading to comuercialization. A suc-
cessful example of this approach is the use of fuorescent

* Author for correspondence, Telr 215-836-3782% Fax 215-233.6406;
E-mail: amatos @arserrc.gov.
1 Mention of trade names or commiercial products.in lhm amclt, is mldy

pseudomionads for the biological control of plant root path-
ogens (2, 72) because of their production of metabolites
such 5 antibiotics (19) and siderophiores (17) that inhibi
life processes of bacteria and fungi..

An alternative biological conttol approach involves the

~ use of defined mixturss of competitive exclusion cultures,

rathier than'single straing, to limit the growth of pathogens.
Defined competitive exclusion cultures, termed bacterial
compositions, have beeh successfully used to prevent en-
taropathogen colonization in poultry and swine (10, 15, 18).
The bacterial compositions are mixtures of different bac-
terial isolates obtained from a stable microbial community
of an adult organism {poultry or swine) that are introduced
into a young organism in order to conirel colonization by
pathogens (25). This approach has proved very effective by
establishing a stable gastrointestinal microflora that pre-
vents Salmonella colonization through divect competition
for attachment sites (2/) or competition between-native fo-
ra and Salmonella for limited natrients (12).

The use of bacterial compositions for biocoatrol of
pathogens on sprouts assumes that the mative microbial
community from “mature” sprouts (i.e., approximately I-
week-old' specimens ready for consumphon} would reduce

for the pispuse of providing specific information and does not imply: - growth of pathogens if mouulated DHID sﬁeds W fested ihis

* recommendation of endorserent by the U.S, Department of Agriclture. '”‘assumptlon by using the microbial community from sprouts

R7545-01
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cultured under aseptic conditions in the lab and under typ-
ical gproduc:tion‘conditions in a commercial seiting as in-
oculants, and comparing their ability to control the growth
of Salmanelle with a single strain identified as a siceessful
antagonist during screening performed in our fab. Our ex-

perimental approach involved the use of undefined com- -

munity samples in order to verify that the overall commu-
nity reduced pathogen growth before subsets of the com-
munity (ie., mixiures of isolates) are tested.

Effective competitive exclusion treatments involve mi-

crobial communities that are stable and functionally active.,
Stability is defined as the degree of change in community

response over time. We used community-level physiologi-

cal profiling {CLPP) to monitor community change over -
time and assess the functional ability of the microbial com-
munities. Stable and functionally active microbial com-

munities may be better adapted to resist invasion and pro-

fiferation of foodborne pathogens by potential mechanisms.

of blocontrol such as better use of resources or by making
fewer resources available to invaders. CLPP was performed
to determine whether inoculants resulted in greater com-

munity -stability and increased functional potential, thereby -
providing insight into potential mechanisms for blocontrol. -

CLPP is based on the tapid assessment of multiple physi-
ological responses of microbial communities (76). The orig-

inal CLPPE approach mvolved the response of communities

to 85 separate sole carbon sources as determined by growth
and concomitant reduction of a redox sensitive dye within

a microtiter plate (8). The resuliing phenotypic fingerprint.

isa va"m'abie tool for assessing emporal or spatial variation
in_ heterotrophic. communities .and was employed in the

present study to evaluate effects of inoculation treatment on

the overall community stability during the course of sprout
development. The Biolog CLPP approach has limited value
for assessing actual differences in the physiological capa-
bilities because of the selective enrichment within the assay
canged by high substrate concentrations (>100 mM) and
long incubation times (1 1o 4 davs) (7, 20), A new CLPP
approach based on detection of substrate use via an oxygen-

sensitive ﬂuompﬁme reduces incubation time and substrate
concentrations, allowing for more fumctxonaﬂy relevant data
{%). Bacterial density on the sprouts, based on both culture
and direct microscopic methods, was assessed to provide
baseline information on what fraction of the community can
be readiiy cultured, an important factor in potential defini-
tion of bacterial cornpositions.

MATERIALS AND WETHOD‘;

“Generation of Salmanella cocktail inoculum, Four different
serovars of Salmencila. resistant to 1,000 pg/ml of streptomycin
and 100 pg/ml of nalidixic acid, were used in this study: Saf-
monella Newport H1273, Safmonella Avaturn F4317, Salmoneiln

- Stanley H0558, and Salmonella Infantis FA319. All these sirains
wese jsolated from sprovi-related outhreaks and were provided by
Dir. Patricia Griffin of the Centers for Disease Coatrel and Pre-
vention {Atlapta, Ga.). The bacteria were nmaintained in {ryptic
soy broth (TSB; Difco, Becton Dickinson, Sparks, Md.} amended
with 25% glycerol ar ~80°C, Single colonigs- from: gach one of
these species were macu'iﬁted into 2.l of TSB. and incubatad at
37°C with agitarion 250 rpmy for ”4 . me these cuitur@s 100

il was-transferred-into 25 b of fresh TSB-and: incubated: with
agitation for an additional 24 1. From these cultures, 10 ml was
centrifuged at 5,000 X g for 10 min. The pellets were washed

. twice in 10 md of sterile 0.1% peptone water, The final cell pellets
“ware taken up in [ mb of 0.9 peptore water. From these bac-
. teriak-suspensions, 40 wl-for each Selmonelle species wag, adied
{0 400 mi of sterile distilled water and 400 g of alfalfa seeds
. {International Specialty Supply, Cookeville, Tens.,

lot pumber
NS9-13() in a sterile stomacher bag with a filter membrane on

_the side (Stomacher Circulator, model 400, Seward, Norfolk, UK.

The seeds were mixed by hand for 3 min. The bacterial inocolum
was then drained off and the noculated alfalfa seeds were placed
in a sterile glass tray tned with sterile paper towels under a bi-
ological safety cabinet (Forma Scientific, Class [TA/B3, Mariet,

hio)- After 24 b, the inoculated seeds were placed in a sterile

glass beaker, covered with sterife aluminum foil paper, and stored
at 4°C. The councentration of the inoculum on the seeds was de-
termined by stomaching 25 g of incculated seeds in 200 ml of

- 0.1% peptone water Tor 3 min at medium speed; preparing decimal

dilutions in sterile 0:1% pepione water;-and plating onto frypiic
soy -agar-{TSA; Difco, Beeton Dickinson) plates and TSA plates
with streptomyem (1,000 pefoil) and nalidixic deid (100 pg/ml).
Bacterial colonies were emzmemtcd after 48 h of-incubation at
37°C.

Sereemng of - patennal antagomsts A% a ﬁr:at step; the ne-

. tive microfiora of various types of sprouts. {aifalfa, clover, radish,

onion, sunflower, mung beans, brogeoli, mustard, and wheat grass)
were examined. Several methods for recovering native microfiora

. from sprouts, with particular. emphasis on fluorescent pseudomo-

nads and psychrophilic microorganisms, were assessed. Addition-
afly, the sprout-associated microbial communities were character-
ized by examining microbial richness {e.g., the aumber of types
of bacteria), microbial diversity (e.g., microbial richness.and even-

‘ness),. ahd CLPE Various. culture-dependent: microbial identifica-

tion technologies, including Vitek and Biolog were used to iden-
tify the isolares. Competitive exclusion bioassays wevg used 1o
select nondeleterious microorganisms native to sprouts as polen-
tial antagonists agaist foodborne pathogens. Also, several well
characterized: biotogical controb agénts were evaluated. Over 700
isolates were tested individually for their ability to-exclude Sal-
monelta species from growing alfalfa sprouts. Each isolate was
maintained in TSH amended with 20%- glycerol at —80°C. Single
colonies from isolation streaks on TSA plates were inoculated into
2. mi of TSB and incubated at about 24°C with agitation (230
né)m‘) for 24 h. From this celtare, 50 pl were transferred inc 2
mi of fresh TSB and incubated for an additional 24 h. The cells
were then Harvesied by centrifugation at 7,000 % g for 10 min
and washed twice, first in sterile distilled water and then swerile

“tap watet. Cell densities were adjusted to an-absorbance of 0.1 al
600 nm (approximately 108 CEUMAm: by ditution in- sterde tap

water, This bacterial suspension was then used as the inoculum to
be tested. About 35 Sndmonello-inoculated aifalfa seeds were then
soaked in 2 mit of the Inoculum-suspension for 2 h. Ten seeds per
each of three vials were then aseptically. transferred and grown
for 7 days. :

Psendomonas fluorescens 2-79 inoculum. This strain was
originaily isolated fromt the rhizosphere of wheat and it has been
shown to suppress take-all, A major root and crown disease of
wheat and barley caused by the fungal pathogen Gaewmannomy-
ees graminis vat-fritici (22, 23] P fluorevdens wid roaintained
in TSB amended with 20% glycerol at ~30°C. Single colonics
from ’hﬁi'\tmﬂ stteakﬂ» onTRA p!aie“‘s were momlamd e 2wl

: ‘of TSB and ;11Lubat€d at czbom 24°C mth amtamn (“59 tpm) for
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24 h. From this culture, 50 1l was transferred into 2 mi of fresh
TSB and incubated for an additional 24 h. The cells were then
harvested by centrifugation at 7,000 % g for 10 min and washed
twice, first in sterile distilled water and then sterile tap water. Cell
densities were adjusted to an absorbance of 0.1 at 600 nm (ap-
proximately 10% CFU/mb) by dilution in sterile tap wafer. This
hacterial suspension was then used as the P. fluorescens 2-79 in-
oculumn. About 35 Sulmonelln-inoculated alfalfa seeds were then
soaked in 2 mi ofithe inoculum suspension for 2 k. Ter seeds per
each of three vials ware then aseptically transferred and grown
for 7 days.

Market sprouts inocalum. -Alfalfa. sprouts: were obtained
from Winn Dixie Supermarkets (Metrite Island, Fla.). Sprouts 1.5
g) were submerged. in 15 ml of 100 mM potassium phosphate-—
(1% peptone bulfer (pH 6.8) in a 30-ml sterile centrifuge mbe
{Corning Inc., Coming, N.Y.} and shaken vigorously by hand for
30 s. The 30-mi sterile centrifuge wbe containing the sprout: tis-
sues was then placed in 2 sonicator. water bath (Branson 1510,
Branson Ultrasonic Corp., Danbury, Conn) for 7-min at. 20°C.
The centrifuge tubes were vortexed for 30 s to disperse the bac-
teria that-were dislodged by sonication: This bacterial suspension
was then used as the miarket sprout inocalum. For enumeration,
0.5 ml of sample from the suspension was serially dilted in
{1.85% Na(l and plated on TSA plates. About 35 Sulmenella-
inoculated alfalfa seeds were soaked in 2-ml of the ingciium
suspension-for 2 h. Ten seeds per-each of three vials were then
aseptically transferred and grown for 7 days.

Lab sprouts inoculum. Alfalfa. seeds were ﬁ&rmmated iz
stnall, capped, glass vials in the laboratory for 7 days. Ten alfalfa
seeds (International Specialty Supply, lot number NS9-130) were
placed in cach vial. Each vial contained filter membranes soaked
with sterile tap water (250 pl per vial), and the vials were placed
in an enclosed glass chamber. Sprouts were watered aseptically
with 250wl of sterile tap water on:day 5. On day 7, the sorouts
were harvested and sprout-associated bacteria recovered 'using
sonication as described above. This bacterial suspension was then
used as-the lab sprouts inoculum. About 35 Salmonella-inoculated
alfalfa sceds were soaked in 2 mi of the inoculum suspension for
2 h. Ten seeds per each of three vials wers then aseplically trans-
ferred and grown for 7 days.

{zermination and gmwth of ‘alfalfs sprouis. ‘?almoswlia»
inocutated alfalfa seeds with added inoculants were germiinated
and grown in the laboratory for 7 days. Hach glass capped vial
contained filter membranes soaked with sterile tap water {250 ul
per vial) and 10 alfalfa seeds per vial. The vials were placed in
au enclosed glass chamber, Teniperature and relative humidity
were monitored twice daily and maintained.al about 24°C and
60%: respectively. Sprouts were watered aseptically with 250 u)
of sterile tap water on day 5. The control treatment consisted of
alfalfa seeds soaked in sterile tap water, and no single biocontrol
agent or sprout-derived microbial suspensions were added.

Recovery and enumeration of bacteria from alfalfs sprout
surfaces. On day 1 (24 h after planting), day 3 (72.h after plant-
ing), and day 7 (168 h after planting), the sampled sprouts were
submerged in 15 ml of 100 mM potassium phosphate-0.1% pep-
tone bulfer (pH 6.8) in a 50-mi sterile. cenirifuge wbe (Corning
Inc.) and shaken vigorously by hand for 30 s. The 50-mi sterile
centrifuge tube contaming the sprout tissues was then placed in a
sonicator water bath for. 7 min at 20°C. The. centrifuge. tubes were
voriexed for 30 s to dnpuqe the baetena that were d:slodged by

s«mu.amm For.the enumeration of tﬁ)t&& mesnphﬂ;u amohe\ 205
il samiple trom the suspshsgion was %mally diluted in 0.85% NaCl
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- FIGURE 1. Log reduction in growth of Salmonella- after intro-

duction of inoculants. Tnocula symbols: B P fluorescens 2-79;
#, lob sprouts, microbial comamumities derived from laboratory-

. grown alfalfa sprouts; &, ma:"ket‘spmufs, microbial communities
derived from alfalfa sprowis purchased of @ local supermarket.

~and plated on TSA. Following incubation at 30°C for 48}, bac-
© teriat colonies wers enumerated and phenvtypically characterized
* based-on colony size; pigmentation, form, elevation, margin, and

surface. During each sarapling the following data were récorded:
number of genminating seeds, seedling fresh weight (grame), and
observations on Sprout appearance.

Calcylation of log reduction in the growth of Salmonella,
The ability of the inoculants to suppress the growth of Salmonella

~ on growing alfalfa sprouts was quantified by subtracting the num-

ber of -Salmonella CFU growing on the selective mediumn, TSA
with streptamyetn (1,000 pwg/ml) and nalidizic seid (100 wg/ml},
from the number of Salmonella CFU pet gram on Salinonella-
inoealated expenmenta! treatme:ms th;xt received no bmccmtml in-
aculom.

o Microbial richness and percentage culturahility, Based on
colony morphology, the number of different tvpes of bacteria (mi-
crobial richness) in each sprout surface sample-plated onto TSA
without antibiotics was recorded. The different sprout-associated
bacterial colonies grown from sprout surface saspensions on TSA
plates-as- described above were isolated and characterized pheno-
typically by tecording colony size, pizgmentaton; form, elevation,
margin; and surface: Percent’ culturability was determined by di-
viding the culturable cell density {TSA viable countsy by the fotal
cell density (acridine orange—isee betow),

Acridine. orange staining. The acridine orange staining
method. was used as previously-deseribed by Hobbie /14). One
millititer of gach spreut-derived microbiah community. suspension

. sample was iransferred-to a Z-ml mieroventrifuge tube, and 0.5

ml of 2% filtered-sterilized formaldehyde solution was-added. The

- fixed samnples were stored in-the refrigerator &t 4°C until analysis.

Live-dead staining. Components A and B (A =“»‘ S};ﬁ}é’; B

= propidium iodide) of the live-dead BacLight bacterial viability

kit (Molecular Probes, Eugene, Oreg.) were thawed (7, 7). Three -
microliters of premixed live-dead stain (2:1 Syto9:propidium io-
dide) per ml of sample was prepared. Nine hundred microliters of
filtered (0.2 wm) sterilized deionized water was added to a 100-

.HE mi{.f()b}al commumty suspemmn sampEe to, eb{am a final dj-

iters: of ma live- deaé ntam mixture per

ml o'f samplc in’ Eppem orf tibes (’? ml) was added and incubated
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FIGURR 2. Total microbial counts (acridine orange stainiig),

toral eulturable counts, and percentage cultitrability. Inoculd sym-
bols: @ suninoculated; B P fBuoresceéns 2-79; - &, lab sprouss,
microbial communifies derived from liboratory-grown alfulfua
sprouts; &, market sprouts, microbial communities derived from
alfalfa sprouts purchased at a focal supermarket. Filled circles
represent treatments with Salmonella-inoculated alfalfa seeds.
Logarithmmic cells per millitirer, logarithmic CFU per millifirer,
aerd percentage culturability values are the averages of three rep-
licate samples. The error bars represent one standard deviarion
from the average value.

in the dark &t room temperature for 15 min. Samples wers vacinm
filtered onto 25-mm diameter, 0.2-pum (pore size) black polycar-
bonate filters (Isopore, Millipore, Billerica, Mass.) with shiny.side
up. The 10V and 10-! live-dead filters were placed side by side
on a labeled microscope slide, and. a-deop of Resolve immersion
oil was added before covering the filters with a cover glass, Live-
dead slides were ennmerated within 4 k of sampling and Altration.
Cells were manually counted at % 1,000 magnification using a
Zeiss Axioskop 2 microscope with an epifluorescence artachment
{Zeiss, Thornwood: NUY.). The Alpha Vivid filter set {Omega, Inc.,
Bratdeboro, VL) (excitation 4735 = 40 nim, emission 510 nm and
above) was used av recommended by Molecular Probes for the
BacLight kat.

CLPP. Two types of plates were used to conduct CLPP:
Biolog GN2 plates and BD oxygen biosensor plates (BD Biosci-
ences, Billerica, Mass.). The Biolog approach involves inoeulation
of enviconmental samples {e.g., suspensions of bacteria from
sprout surfaces) into 96-well Biclog GN2 plates (Biolog, Hay-
ward, Calif.} and subsequent gencration of a multivariate profile
of sole carbon source use based on the reduction of a tetrarolium
dve as a result of microbial respiration (7). Microbial suspensions
from each sprout type were-diluted (1:10) i sterile distilled water
to reduce exogenous carbon input to the plates and coataminant
reduction of dye in the controt well, which containy no carbon
source before inoculation into the microtiter plates (150 pl per
well). The plates were incubated in the dark at 23°C for 96 h, and
the optical density (5390 nm) of each well was measured auto-
matically every 2 h using a Biotek EL320 plate réader (Biotek,
Inc., Winooski, VLY. ' '

The BD oxygen hiGQEﬂSOf"S\%tCﬁ} is a detection system in
which s oxygen is consared the biosersor fluoresces, provz ding
a sighal that ean be directly correlated to use of a specitic sub-

strate. The BD oxygen biosensor system is an ‘oxygen-sensitive-
ﬁi.mrescem Lompmmd 1Tns E & chphemi i IO phenan&hm}mv ey

thenium [Ii} chloride) embedded i a gas-permeable and hydro-
phobic matrix permanently attached to the bottom of a multiwell
plate. The concentration of oxygen in the vicinity of the dye is in
equi 3hr}ﬁm with that in the liquid media. Oxygen quenches the
dye in a predictable concentration-dependent manner. The amount
of fluorescence correlates divectly to the rate of oxygen consump-
tion. in the well; which in tumn can telate to any sort of reaction
that can  be linked 10 oxygen consumption . (hitp:/

: wvéw.bdbioscien.ces.cam}. In this study, 1 carbon substrates (300

ppin) were used in BD plates: sucrose, fructose, xylose, thamnose,
alanine, glycine, asparagine, casamino acids, sodium acetate, ma-
lic acid, and TSB, On the dav of sampling (days 1, 3, and 7}, 50
pl-of minimal salts was added to all wels within ohe' BD plate.
Then 30 ul of each substrate was added into-each well in a single
cotumin. Finally, 50 gl of microbial suspension from sprouts was
inocitated on the BD plates. Plates were read-on-a Dynex MFX
microplate fuorometer (Dynex Technologies; Chantilly, Va) at

-485-nm excitation and 604-nm: emission using the top reading

mode. Plates were incubated at:30°C, and readings were obtained
every 15-min for 24 h:

Statistical analysis. All experiments run with- germinating
sprouts were performed. i a completely randomized design with
three replicates. A replicate consisted. of sprout. tissue sampled

from a single glass vial containing 10 seeds, The bacterial counts

were all logarithmically transformed prior to statistical analysis.

Significant differences among treatments were determined at a sig-

nificance level of .05 by using single factor analysis of variance
(ANOVA).

The time to peak fuorescence generated o the BD oxygen
biosensor plates was analyzed by ANOVA to determine the effects
of inocula on the responses. The analysis was performed: for all
I 1-responses (carbon sources tested). Means separations were per-

“formed using the pairwise least significant differsnce separation
~method at the P = 0.05 significance level

The pattern of color development from the CLPP ‘zengrated
with Biolog GN2 plates was assessed-at an equivalent average
well color development to eliminate poteniial density<dependent
bigs. The individoal well responses for the plate reading at an
average well color development of (.50 absorbance units, corre-
sponding to 40 to 50 h of incubation depending on sample, was
vsed for subsequent multivariate analysis. Principal component
analysis using a covariance matrix was employed 1o evaluate the
relative degree of similarity of samples in multidimensional (i.e.,
95 carbon source variixbies) space (SPSS Software, Inc., Chicago,
IR

- RESULTS

© Seed germination and sprout appearance, The av-
erage percentage germination of alfaifa seeds at t‘m: time sof
harvest on days 1,3, and 7 wag 24 = 18%, 61 =
and 58 14%, rcspei,twd_\, The dlfaﬁﬁi Seddhi‘!”b average
fresh weight at the time of harvest on days |, 3, and 7 was
008 £ 0.01,0.08 = 0.02, and 0.12 * 0.04 g, respectively,
The sprouts locked healthy, with white. hairy roots and
bright green leaves, and seed coats were detached at the
time of harvest on day 7. The introduction of inoculants to
the alfalfa seeds had no apparent deleterious effects on the
growing alfalfa sprouts, '

Satmonella viable counts on TSA with streptomycin

'_énﬁ nalidixic acid. The number of Safmonella on the un-
jlnoculated t{eatmsm: ranﬂcd fmm 8.15 10 8. 96 Ion CFU:’Q

R7545-04



MATOS AND GARLAND

Without Salmonella

Total Call Density (A}
{Ave. log cfu/ml)

88
! «f3~ Untnoculated
6o i w0, flUtrascens 279
. e arkel sprouts
58 =G Lahsprouts
50 , . ;
i 1 2 2 4 2 [ 7 8
Sprout Age (days)
oy 15
P
t; 1.0
25 105
2% '
=g,
R U aap
=
B oas
e
g3
= S 30
®
3 jul 5
a2
oo ]
3 B0 g

0 1 2 3 4 f g 7 g

Sprout Age (days)
200
2150
2
o
-5 00
=
3
© 50
*®
)
z o
0 1 33 4 s & 7 ]

Sprout Age {days)

T@fai C,?eitl Density (AO)

With Salmonella

i | Ininocuiated

 (Ave. log cfu/mL)

6.0 == P Juescens T8
B R . ~~d= Markel sprus
545 o i L2 SR
80 v v T v v T
0 i 2 3 4 5 3 7 8

&
& 10
t; .
.%f@ 108
o
L T
LN
e X
D e .
O g
[
5L 80
™
o
g ok
5
N 80 " . . -
(TR S SN B 5.6 . 1T 8
- Sprout Age {days)
260
g‘ 150
CE
o
= 100 1
=
B
D.
®
@
& v
50 T T ¥ ¥
it § 2 % 4 5 & 7 &

Sprout Age (days)

FIGURE 3. Sabmonella cel density (TSA plates with streptomycin {1,600 pgsmiy gnd nalidixic acid {100 pgfmb). Inocula symbois: @
uninpculated, B, P fluorescens 2-79; &, lab sprouts; &, market sprouts. Logarithmic cells per milliliter values are the avergges of
three replicate samples. The error bars represent one standard deviation from the average value,

(Fig. 1). The lowest average numbers of Sulmonelia were
obtained on day 7 {(market sprouts inoculum), 2.91 log
CFU/g, and on days | and 3 (P, fluorescens 2-79), 4,55 and

409 average log CFU/g, respectively. These data show a. -
distinct difference between: the 'suppression of - Sabmonetle
by the market sprout inoculum :md&he‘potemiai[bibcﬁmmi ;
agent, Poofusreseens 2479 Although P fluoréscens 279

sﬁppres’sed the growth of Salmonella early on, the market
sprouts inpculum had an even greater inhibitory effect dur-
ing the later growing period of alfalfa sprouts.

i «La_'g reduction of Safmonella: growth on- alfalfa; P

Slorescens 2-79 is a root colonizet of potential interestfor -
* the biological control of foodbo

W pathogenic Salmonella
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TABLE 1. Micrebial fzchness thaz is. tﬁze number of dlﬁerenr tvpes of bacteriq growing on. TSA ploiest

Wma Satmonella®

Without Salmeoneli

Experimental freatment Day | Pay 3} Day 7 Day 1 Day 3 Bay 7

P Huorescens 2-79 21 FET 3+l 2% 4=t 320
Market sprouts® LB I 4=t T 2z BRI

- Laboratory sprontsd 4 § it 411 411 61 S'*"O

¢ Sprout-associated microbial richness = pumber of types of bﬂcseml colonies growing on TSA plates af the ume of sampling {days 1

3, and 7 after germination). Average &

standard deviation at 95%

conhdence level of three replicate samples.

& Salmonella inocitlated onto alfalfa seeds prior o introduction of experimental treatments.
¢ Marketsprouts, faicroblal comimunities derived from alfaifa sprouts purchased aia local supermarket.
o Lab{sratury sprouts, microbial communities derfved from abomtary grown alfalfd spronts.

on a!f'aifa sprouts. The ability of this strain to suppress the
growth of Salmenella.on growing alfalfa sprouts, as well
as the possible effects of its introduction on different pop-
ulations of indigenous alfalfa microbial communities, was
tested in vivo using small-scale competitive exclusion bio-

assays. The competitive exclusion bioassays showed that

inoculated P. fluorescens 2-79 was able to reduce the
z’rowth of Salmonella on alfalfa sprouts by 4.22, 4.24, and
1.81 log on days 1, 3, and 7, respectively (Fig. 2). In con-
trast, the. market sprout indculum reduced the number of
Sulmonella cells by 1.61, 2.80, and-5.48 log on days 1, 3
and 7, respectively (Fig. 2). Similar to P. fluorescens 2-79,
the laboratory-grown sprout inoculum’ had its highest in-
hibitory effect on Salmonella at the beginning of the grow-
out period (log reduction was equal to 2.56 on day 1, but
log reductions then decreased to 0.21 and 0.71 on days 3
and 7, respectively} (Fig. 23, The market sprout inoculum
had a statistically. significanty higher log reduction of Sai-
ronella on day 7 than any of the other experimental treat-
ments.

AO munis, v;abia cm,mtq and percentage cultura- -
bility. The introduction of the inoculants had po significant

effect on the total number of bacteria associated with alfalfa

TABLE 2. BI? oxygen plate duta on pe)ai. hmghm (normahfed relptive fluorescent whits

sprouts germinated from seeds with and without Salmonel-
la. The total nuinher:of bacteria (acridine orange counts)
associated with aifalfa sprouts ranged from 6.78 to 7.90
average log cells per mi in treatments from seeds without
" Salmonella inoculum and from 7.02 to 7.91 average log
cells per ml in alfalfa sprouts germinated from Salmonelia-
inoculated seeds (Fig. 3). The total nember of bacteria on
days 3 and 7 was stansmcaliy significantly higher than on
day 1.
The viable counts mcreased slightly from day 1 (o day
3 and remain al the same. level on day 7 for all four ex-
perirmental treatments with and without Salmonells. Cell
densities ranged from 8.88 to 10.06%and 8.46 10 10.14-av-
crage log CFU per g, with and without Salmonelle nocu-
lum respectively (Fig. 3). _ '

The percentage culturability, while variable, was not
significantly affected by (ime or inocylation treatment {Fig.
33. The percentage of culturable cells ranged from 2.94 to
100% and 025 © B1% for treatments with and without
Salmonella. inoculum, respectively, but was 2.to 4% for
most of the samples. ‘

The average ratio of live to dead cells on 7-day-old
sprouts that were freated with the market sprowt inoculum

Mean gSD) for day 1 inocyls

P. flusrescens

Mean (S) for day 7 inocula

= P fluarescens

Carbon 279 Lab Market
© substrate (n =8 n=4 (n = 4y
Sucmse‘ 144 (0 15y pd  135(03%) 8 260 (0.78) AB
Fructose L300y s 1804 A 282140y a
Xylose CLUR {0088, . 141 (G0OT) A 1,66 {031 AB
Rhampose 196 (0.26) & 302034 Ao 4.44 (1.94) 4
= Alanine WM cn 20001 699033
Glveing EITA039) 5 103 (00D B 242 (055 A
Asparagine 144 (029 ¢ 190 @15 80 341 (029 as
Casamino 1.3 (0.1 8 141 (006 342(1.96) 4
Na acetate  2.06 (05T) » L9306k - 743 (020 A
Malic acid” " L13{0.08) ¢ 131007y e 167 (048Y A
TSR 13401 156 (0.22) 8 201 ((R18) aB

Uninoculated 2.7 Lah Market

n =10 {n = & (11 = 4y = 4}
206 (0.96) A 1.59 (O 21y ap .' 1.94 !G TOy AR 364 (232) A
205 (040 & tad (0.33) a 189 €028y 32T QA5 a

153 (0 1) an
378 2.00) A
218 (0.69) o

LOZ 0o ne

1.75 (0.49) 5C
143 (010 B
2.86 (2.29) B
{48 (01D e
.52 (0,19 B,

1.24 (0.10) AB-

410 (2.15) A
432 (2:03) me

1050088

2301072y mo
163 (019 8

448 (1.98) aB
114 010y Be
1.99 (0.37) aB

136 (0.37) am
367 (11T A

212 (045 e
12927 B

105 (0.05) p
198 (0.66) B
162 (0.15) B

320(1.33) 8

116 (0.05) BC

3.47 (L (}9) A

238 (1.46) &
4.40 (1.86) A
6.20 (0.58) a8

432 (L8 A
1.96 (0.31) AB
6.55 {0.53) &
136 (0.15) B
2. 37 (1.31) aB

¢ D analyzed by ANOVA 1o determine the effects and interaction of time and inocila on the responses; The analysis was performed
forialt 1 L responses.: Méan separatmns werd perfo:med using the, Bonferroni least: significant :hfferﬂnu, (L‘;D} separatmn mm:hod at
- the:F = 0.03 significance level. PR ‘

&  Means for a given. rezspﬂnsu wnh e 3ﬁu@r i mmm@n are awmﬁcﬂmly chf%mem b‘e Bonff’!”mm LSD (P < Q 05) Wean: sap'zratmﬂ test.
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TABLE.3. BD oxygen plate. data on time to peak (duvs)

P ﬁuarescen §

Mean (SD) Iur day [ ificcula

Lab

Lininoculared
{n = G6)

Mean {(8D) for day 7 inocula

£, fuorescens
2719
(n = Q)

Lab
s e =4

Market
(= 3).

" Carbon o279 _‘1Marke‘t
substrate (n = 6} =4y 0 n =4y

Suerose - 0.58 (0.12) A% 057005 A 0.40:(0.04) BC
Froctose - 068 (0.13) & 0.66:0.04) A 048 (0.04) Ap
Kylose . 068 (037 A& 093 (0.05)a . 0.65.(0.05) a
Rhamnose 075 (0.18)a° 0.73.0007 A - 048 (0.04) 5C
Alanine . 051 (023)Bc  0.85(0.04) a 041 0.02) ¢
Glycine - 0.04 (000) ¢ 0:66 (042). 48 1086 (0.05) a
Aspafagine 035 (0.05) & 04670.03) AB~ 0.32 (002) B
Casamino 042 (0.06) o 044 (00D A  D2B (DO AB

MNa acetale
- Malic acid.

.60 (0.27) asic
043 (0.07) AB.

0.82 (0.01) A

047 0.02) A

(.38 (Q.03) e
020 (0.02) B

- 0.43 (0.07) asg

0.48 (0.09) AB
0.72°40.19) A

072015  an
0.9] 023y
048 (1167 A8
0.37 ((.14) aB
(.82 (0.16) A
0.57 (0.24). A -

0.50 (O 04y AB

0.66 (0:18) A
~.0.88 (0.1 A
0.61 (0.08)ARC
0.53.(0.04) BG .
SB300.13) Be
0.43770.08) aB

0.70 (0:06) A

(.38 (0.09) AB

0.60 (0.07) aBC

(.34 (0.04) aB

0:53 (0.06) an
0,48 (6.07) Ap
0.63 (0.13) a

0.62 (0.05) A
077 (011 as
0.67 (0.39) A8
0.42 (0.08) A
0.33 (0.04) a8
.69 (0.12) A8
835 (D.06) aB

032 (0.04) ©

0.39.(0.04) 8
S0.55.(0.00) A
033:40:04) ¢
036004 ¢
0.80(0.18) AB

0.29 {0.04) B
022 (0.01) 8
0.32 (0.02) ¢
024 (0.02) B

TSH. (!40 (0.06) A 051 (0.15) & 0.27 (0.02) B

(.34 (0.01) ar. O‘S(Dﬁfi)w 040({)15)AB 023000

“ Data analyzed by ANOVA to determine the effecis and interaction of time and inocula on the respotises. The analysis was performed
for:all 11 respotises. Means %paramrz% WETe perfarmed using the Bonferront }ea'n stgnificant difference (LS} separation miethod at

the P = (103 significance level,

& Means for 2 gwm response w1th no Eetter m (:s‘mmon age: sxgmﬁcamly differe.nt by Bﬂﬁfermm LSD (P < G 05 mean sep.uatmn test,

mtrodﬂccd int dlfalfa se&ds thhout Salmoneifa wiis 1 42
= 04l On Safmafzel}a mmwiated sﬂeds the averacre live-
ﬁo@ead mtm waq L2 047 :

Ruimess The a average number of morphok)gical types

“of bacteridl colonies observed on the TSA plates varied

“from 2o 7. Ne f:xpenmenml treatment effect wag ‘observed
{Table 1). The culturable microbial composition of the iab__ ‘

and market sprouts inocula, as well as the mlbr()ﬁ()t”d as-
sociated with the treated sprouts, included a greal number
of gram-negative rods. Microorganisms identified include
~Preudomonas. fulva, . Pantoen .ananatis; Psendomonas ve-
FUNL, Esendomonas:marginalis, Pantoea dispersa; Punieea

N
D

Nome
Biocontrol
[ Lab-Sprouts

PG 2 {17.5% of variance)

P
\

O Market Sprouts .
L Fitled Symbc!s W!&h Saimonelia
SRV S—— ,
A4 8 4 2

PC 120, 7"’ cﬂ var;ance)

FXGURE 4 CLPP Biolog: Pnnﬂpa! -component. analysis. plot.
None,.ne. inoculants introduced onto germinating alfalfa seeds;
latr apmem microbial _communizies. devived from laboratory-
; gvmw; aiﬁn‘fg Sprouts; ﬁnan@et sprowts; microbial communities de-
Fived fmm alfalfa spronts ;mrchascd al @ local mpermarket ia[
'm?S aré fhrz AVETges {)f z‘Izre'e: re'p{'mare smeq}fes The
:epresem ng a:a;zdmd deév mz:on From'the average mh;c

agglomerans, Escherichia hermandi, Pseudomonas syna-
antha, Pseudomonas syringde tabadci {ov), Pseudomonas
) ﬂua: escens biotype A, Pseudomonas fluorescens biotype G,

. Eyeudomonas asplérm Liwinia rhapontici, Stenotropho-
monas _maltophila, . Acingtobacter - lwaffii, Acinetobacter
Johnsonil; - Enterobacter pyrinus, and Pseudomonas putida
biotype A. This a general. survey of the type of microor-
ganisms. found on sprouts. The level of effort necessary for
such a thorough cataloguing of organisms from all those
ireatments was beyond the scope of the work and was the
basis for our use 0!’ CLPP 10 addre% the experﬁmemdi ob-
Jeatwes

‘ Cﬂmmumiy fevel phvsmlagmal ;;wmﬁhmgE using Bm»
log plates, Principal component 1 clearly separated day 1
and day 7 samples for the untreated and biocontrol treated .

 sprouts, indicating a temporal shift in the physmlomcal pro-
files within those treatments (Fig. 4). ’%Lpdmuon along prin-
cipal component 2 was less clear, although differchces be-

.. tween the day ['and day 7 samples from the lab commuaity

. treated are apparent. Market sprout treated samples showed

. 1o discernable change with time. There was no consistent
effect of Salmoneila inoculation of seed. '

;C@mmﬂmty-levei phiysiological profiling using BD
- plates. Microbial communities associated with:the market
spout treatment displayed a shorter time to peak {i.e., faster
~response; Tables 2 and 3} toward most of the 11 carbon
sources fested (Fig. 5). ANOVA indicated 2 significant in-
oculation effect, and least significant difference results re-
veal the effect is due to a day effect. ANOVA on market
-sprout communities. on. peak heights and time . peak
showed a statistically sigmificant difference on the response
from the market sprouts microbial communities.

CDISCUSSION

Thcsc ruufts mdu:ate that mu:mbni commumms frmn
matire SProuts can serve as effective competitive exclusion

'R7545 07
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FIGURE‘S-.'CTLPP-BD smicrotiter plates. Peuk heights and time to peak. P, Pseudomonas. fluorescens 2-79; L, lub sprouts, microbiol
seonpwiiies derived from lebordtory-grown alfalfo. sprouts: M, market sprouts, microbial communities derived from alfulfa sprouts
purchased ar.aloenl supermarket. Carbon substrates used: §, sucrose, F, fructose, X, xyinse, R, rhamnose, Al, alanine, G, glycing, As,
‘asparag}fﬁa G -casaming acids. S, sodium acetate. M, malic.acid, and TSB, wyptic say broth. Values are the averages of three replicare

samples. The: error bors represent.one Standord- deviation from the average valie. ‘

inoculants; the market sprout incculum caused greater Iog
reduction in Salmonella than the single strain biocontrol
agent (P. fluorescens 2-79) afier 7'days. Community inoc-
ulum: genérated from sesdborne microbes alonie (ie., lab
“sprout inoculum) did not confer any sustained protection
From Salmonella, mdzcam}g that ¢olonization and selection
during commercial productiod lead to a more robust com-
“rounity with greater antagonistic of competitive community
'prﬁpemes or both. Our data clearly indicate that the market
sprout Lammumty had greater fllmtmndhty as evidénced
by faster use of an array of substrates, buggeslmw compe-
tition with the Salmonella for available resources as a po-
“tential mode of action: The increase in fog reduction with
Ahene i the piarket sprout (réatment further supports the tole
of competition: The inverse temiporal effect of P. fluore-
scéns 2-79 on Salmonelld velative to the market sprout com-
mibity suggests that the former may act through some as
“yet-undefined antagonistic ‘mechanisms buot is tmable to
“cormpete ‘as ‘effectively over time. Bacterial ‘compositions
that include an antagotistic strain’ with a competitive mix-
ture Thay be'a usefill area of future study.
The Biolog CLPP data tndicate thaf inoculation of the
seed with the mixed communities; particularly with that ob-
tined fmm ihc; market sprouis, resulied in the rapid estab- .

: &:tﬂrm‘t numba,rs rapidly.

~increased in all treatments by day 1, but community com-

position as indicated from: the phenotypic profiles shifted
during the course of sprout development in the uninoculat-
ed and P. fluorescens 2-79 weatments. The establishment
of a stable community is not necessarily beneficial for bio-
control, as evidenced by the poor performance of the rels
atively stable lab sprout community, However, the high de-
gree of stability and activity observed in the market sprout
treatment indicates minimal species replacement and low
available resources, potential contributing - factors for the
poor growth of Salmenelln.

The next step in this research is to reproduce the ef-
fectiveness of the market sprout inoculum with a defined
mixture of isolates derived from this community. Compar-
ison of the various cell density measurements reveals the
potential difficulty of this task; while greater than 50% of
the cells were viable based on the live-dead assay, fewer
than 10% were culturable on TSA media. These data in-
dicate that 2 significant portion of the community i5 not
readily cultured, either because of physiological shifts of
culturable types to a viable but nonculturable state-73) or
because of the presence of specific types of organisms that

Cwe canmot readily culture. The latter factor Would meaﬂ that

_1mprmed culturing app:oaches may be requrred to devemp‘_
dn effective bacterial composatmn »
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